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METHOD OF BIftiniFACTima OF POLYMER COMPOSITES 

ih& present Inventiloii relates to a method o£ inanuf acturizxg a 
polymer coraposite can^riBlng a polymer matrix having metal 

6 nauopaorticles incorporatecl therein.. and products r^l^^itig 

thereto. In particular ^ the present inv^itlon relates to anti- 
microbial fibres and films in^soz^^oreting metal nanoparticlos, and 
more ^specially to alginate/silver £ibre;9, axid fabrics and wound 
dressings made therefrom. 
10 Many metals, including transition metals, have been applied 

to fibres^ eepecially polymeric fibres, so as to produce textiles 
and other znatorial^i that esdiibit beneficial properties. The metal 
may he appli^ to the fibre substrate either in its metallic £orm 
or as a salt or cotqpound, and typical ¥inethod£; of application 
15 include vapour deposition, sputtering, coatdjng, spraying, 
chemical reactions and the use of adhesives. Such methods tend, 
however, to be inefficient and 00s tly and may result in the 
ralease of toxic metals into the environment. Furthermore, 
because the metal or metal eon^und is typically, only present at 
20 the fibre surface^ the re^ir^d material property is not 
generally permanent; in other words, the property degrades with 

One such example of a benoficial property is antimicrobial 
activity « and polymeric fibres incorporating antimicrohial metal is 

25 are knovm £o3r the production of ViTOund. dressings, surgical apparel 
and other antimicrobial materials. Many metals exhibit 
antimicrobial effects, for exaniple Ag, Au, Ft, Pd, Xr, Sn, Cu« 
Sb| Bi and Ziid and their mode of action is typically due to the 
interference of the metal ion with electron donatiing functional 

30 groups present in microbiological molecule^t The antimicrobial 
metal may be applied to the fibres either in its metallic form 
or, more commonly, as a metal ccttopound. In either • casci the 
release of the active ion is typically triggered by oontaot with 
biological fluids. 

35 &g, in particular, has long heen established as an effective 

ant i -microbial agent and is widely used .in bio^medieal .produces 



2B-JflN-2004 175 35 FROM INTELLECTUPL PROPERTY TO 001633814444 P.e? 




to control infection. Usually a silver salt or compound, such as 
silver nitrate, is used aa the active a^ent in antimicrobial 
fibres, particularly in «6>plications involving the use of a 
hydrcphilic substrate^ auch as wound dressings. Ue© c« the metal 
5 itself in wound dressings and such-liHe i3 generally undesirable, 
because of the inherent hydrophobicity of metal coatings etc. 

However, certain disadvantages are associated with the use 
of silver coins?ounds irt bio-medieal applications, including 
photosensitivity, toxic effects such as hypochloremia and 
10 hyperpyexia, transient discoloration of patient;& skins and a^apid 
dissipation (leaching) of the antimicrobial agent - 

ha object of the present invention is to provide 
antimicrobial fibres vfcich retain their hydrophilic and 
antimicrobial properties, idiilst avoiding side effects associated 
ie with metal conipoundsr particularly silver conroounds. 

According to a first aspect of the present invention, there 
is provided a method of producing a polymer comiposlte comprising 
a polymer matrix having metal nanoparticles incorporated therein, 

$aid method oovnprising the steps oft 

20 

(i) mixing metal nanoparticles with a polymer dopej and 
(ii> solidifying the polymer compossite from the dope, 

A polymer dppe typically coagprises a solvent and* a polymer, 
25 and is formed by mixing those ingredients in a mixer. A polymer 
dope can be used as a means of solidifying the polymer into 
various forms, such as, for example, fibres, threads or other 
extruded shapes, sheets, filws, meinbranes or cast shapes. The 
polymer iftay be reconstituted, or solidified, from the solvent by 
SO various means, for example by coagulation or lay solvent 
evaporation. Two common examples of the use of a polymer dope 
are; firstly, in conjunction with a spinning technique to form 
threads and fibres; and, secondly, casting the dope into a film, 
sheet or membrane by spreading the dope onto a surface with a 
doctior blade. 
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Metal nanoparblcles are metal particles having nanometrie 
dimensions » and m&y have* for exeiira>le, dimensions in the order of 
a few nanometres to several hundred nanotnetres. The metal 
nanoparticlee may be spherical or aapherlcal, and may also be 
5 known M a xaet^il nanopowdea: or a$ a. nsmotnetrio metal. The metal 

nanopa^^tides u^^ed in the present invevktion xnay coniprii^o a HA^tal. 
a metal alloy or a vnetalloidr or any combination thereof. 

The present inventor© have realised that, by incorporating- 
mecal nanopartloles into a polyisv&r dope prior to reconBtit-uting* 

10 the polymer £rom the dope, the metal and polymer can be co- 
solidified bo as to £orm a coniposite polyxneric material having 
metal nanopartiCles izicorporated therein. The coii^>oBite material 
thu3-fo)nciaed con)(prided a continuous polymer phase, or matrix^ 
throughout Which the motal nanoparticles are exhbedded, and ie 

15 referred to herein as a polymer conpoeite. Polymer composites 
manufactured according to the pre^tent invei^tion can be made in a 
siic^le and co^t effective xaanner« with little wastage o£ 
expensive metal starting materials. 

Furthennoret by selecting epecific combinations o£ metal 

20 nazioparticles and polymer matrix, polymer composites having a 
wide range of desirable properties can be obtained. 

Preferably, the polymer composite is formed by an extrusion 
method, in which case the polymer and metal nanoparticlee are co- 
extruded so as to foann an extruded composite material. 

25 Advantageously, the polymer coxnposite is extruded in the form of 
a fibre, or thread, so that a fibre comprising a polymer matrix 
incorporating metal nanoparticles is obtained. Alternatively, the 
polymer may be extruded in the form of a thin sheet or film. The 
present invention is of particular benefit where the extruded 

30 polymer congoosite has dimensions of microns or even nanometerst 
due to the small siae of the metal particles. 

Preferably, the nanoparticle;^ have a particle size less than 
500 nm, more preferably less than 200 nm and even more preferably 
less than lOQnm. Xn Example 1^ the particle size distribution was 

3$ d90 <70nm, dSO < BOxm and dlO < 40 nm. Kost preferably, the 
particle dize is in the range 20 to 100 nm 
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In. some instances ths nanopartlcles may be eplxerical, but 
for some applications aspherical particles* for exantple rods, may 
be preferred. Hon-regular features on the particle surface* sucb 
as anQle© or «pi3c^i^, may be desirable , for exan^le where 

€ electrical conductivity is required. 

l»he metal aaxiopar tides xoay be added to the solvent before 
pr^p^in^ the polymer dope, ox, wore preferably, the polymer dope 
is fully prepared prior to adding the metal nanoparticlea . The 
inventora have found that it ie particularly important to add the 

10 aoetal nanopar tides after preparing the dope in instances where 
the metal may interfere with the solubility of the polymer^ for 
exan^le where the metal concentration is relatively high. In 
either case, the tfietal nanoparticles may be added in a continuous 



15 iU^vantageously, the dope solution is stirred vigorously so 

as to produce a hompgeneoue polymer /nanopar tide miscture, u^ing. 
for exainple, a high shear mixer. The benefits of forming a 
hodftogeneous mixture are. firstly^ that the metal nanoparticlea 
are imiformly dispersed across the cross-section of the extruded 
20 polymer composite and, secondly, that particle agglomeration is 
controlled ^ 

A disperaant or siurfactant, for example an alcohol-baaed 
dispersant, may be added to the dope solution to control 
agglomeration of the metal nanoparticlas, such that agglomeration 
25 ie reduced or even substantially prevented. Alternatively, 
agglomeration can be controlled by Bonification or similar 
techni^esi. 

The amount o£ ^tal nanoparticles added to the dope depends 
upon the required application and the type of polymer selected as 
30 the matrix material. Typically, silver is added to an alginate 
polymer in an amount between 0.1 and 15 % w/w# and to a matrix 
cozi^rising cellulose in an amount up to about 5 % w/w. 

The polymer matrix may cosnprise a synthetic polymer, a 
natural polymer or any combination thereof. Suitable natural 
35 polymers are polysaccharides such as cellulose, alginate, chitin 
or chitosan- A single natxaral polymer may be used, or a mixture 
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of natural polymers, for exaxople sodium algin^t^ mi^^d with 
car)>oxyYAechyl cellulose p pectin or xantihazi. 

toy synthetic polyufti^r whicli i&\iitAbl^ for ub© in the 

chOEon process can be used« such a&s^ for exaniple/ polyethylene 
6 (PE) , polyethylene terephthalate <PET) ^ nylon, acrylic, rayon, 
SpandeXr polyolefinS/ polyure thane and electrosieric polymers such 
as Lycra. Exaogples of synthetic polyyti^jr^ th^t cire suitable for 
solution spinning are poIyaerylonitrilOf acetate fibres or 
viscose fibres bat the choice o£ polymer is not limited to tliose 
10 examples. 

The concentration* of polymer in the dope depends on the 
polymer used and the application. In Example 1^ 5-7 % w/w 
alginate polymer vas used to form silver /alg'lnate fibres. 

The metal nanopartlcles preferably comprise a transition 
IS metal, but may comprise any other metal^ metal alloy or 
metalloid, or any combT nation, thereof, which exhibits the 
properties reqmired in the extruded polymer coznposlte. 

Preferably, the metal nanopartlcles have antimicrobial 
properties and are selected from Ag, to, Pt« Pdj Ir^ Sn, Cu^ sb,. 
20 Bi or or alloys or conibinations thereof. Hbre preferably, the 

metal nanopartlcles have antimicrobial properties and comprise 
silver. 

Al tentatively # the metal nanopartlcles may be selected so as 
to imparts for example, electrical or thermal conductivity/ 

25 magnetism or improved fire retardancy to the extruded polymer. 
Exanqples of metal nanopartlcles that impart magnetic properties 
are Co, Fe, Cu and NdFeB alloy. 

Xn a preferred excibodiment of the present invention, the 
metal nanopartlolee comprise silver and the polymer matrix 

30 coinprlses alginate. Suitably i the silver is present In the 
alginate matrix in an amount between 0.1 and 15 % w/w, more 
preferably between 0.1 and 2 % w/w. In applications where a 
hydrophilic polymer is used# such as alginate, the amount of 
metal in the fibre Is preferably kept low so that the water 

35 absorption properties of the fibre are not inhibited. 
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Prefer^ly the pclywer compo&ito ia extruded, and more 
preferably tha polymer composite ia extruded into the form of 
fibres. By varying the concentration of metal nonoparticles mixed 
wich tlw polymer dope during the eiKcrusion process r fibres and 
5 other extruded products may be obtained havinsr a metal 
conceutratioft that varies a.len& the extruded length. 

Fibres Jftay be e*;truded from the poXyxoer dope by aiKvy suitable 

techni^e, but, preferably, polymer cainposite fibres are extruded 
by a SpiniiiB& technique euch as^ for example wet spinning, dry 

10 spinning or dry-jet wet spinning. In wet spinning, the dope 
solution is extruded through a spinneret which is con5>letely 
immersed in a coagulant. In dry-det wet- spinning a spixineret is 
also employed, but a. sxnall. air gap ii^ left between the spinneret 
face and the surface of the coagulant, the length of air gap 

15 depending on the polymer concentration and viscosity. A dry 
spinning technique tends to be preferred for polymers dissolved 
in a volatile solvent, whereas wet spinning or dry- jet wet 
spinning ia more suitable for aqueous or non-volatile dope 
solutions • 

20 Advantageously, the dope solution is de-aerated before 

e^ctrusion, for example either uxider vacuum or by leaving the 
solution to stand in an inert atmosphere. Pxeferahly, where a 
spiiuxing technique is used, the polymer solution is also filterc&d 
prior to extrusion/ so as to prevent blockage of the spinnerec, 

25 The type of filtration system used depends on the spinneret hole 
diaoueter the type and size of the particles that need to be 

removed from the solution- The filter system is preferably 
arranged behind the spinneret, and may be positioned in the 
spinneret holder* One preferred filter system comprises a wire 

3D mesh of size 150-500 micron, optionally arranged together with a 
thin, non-woven, or plain woven, fabric whioh is insoluble in the 
dope solution » Advantageously, an additional cartridge filter is 
positioned upstream of the spinneret- 

Different types of spinnerets can be used for the produccion 

35 of polymer composite fibres, depending on the properties required 
in tfve fi nal fibres; for example, geometric spinnerets aan be 
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used to obbain different croBB-BQCtioxial shj^pes. wet 
Bpinainff, spiimereta with holo diairtjeteasTS l^ss tliaa 100 micros are 
preferable, more preferafaiy between 60 and 90 inicron. For dry 
spinning and dry-det w^t spinning* the hole© u^u&lly ^spaced 

out from eaclx other to avoid the fluid filaments twinning during- 
extrusion- Fuzrtheraiore, the hole diametere are usually bi^srer 
than thOB* uaed for wet spinning and range moj^tly above 100 



For wet sspinning/ a coagulant oontaining a sroall amount of 
10 the solvent at or below ambient temperature is typically 
ezigiloyed. For cellulose, for exawiple, water or water containing a 
small amount: of N-methylmorphollne-N-oxide (NMMO) at about 50 to 
80 °C is typically employed as a coagulant. For alginate, aqueous 
Ca2+ ia commonly used as the coagulant. For dxy-jet wet epinning, 
15 the coagulant is the same as for wet spinning exc^t that the 
bath could be at any ueittperatxir© between 5 and 80**C- in all caoOBr 
the amount of NMMD in the coagulant is increased as extrusion 



According- to a :?eccnd aspect of the present invention, there 
20 are provided fibres cowprising a polymer matrix having at least 
one metal incorporated therein, wherein the at least one metal is 
in the form of nanopar tioles . 

•Che present inventors have found that, by selecting certain 
oorabinations of polymer matrix and jnetal nanopar tides, composite 
25 fibres exhibiting a wide range of deeirabl© properties can be 
obtained, for a variety of different applications; exan^les of 
fibres so-obtained are antimicrobial fibres, heat conducting 
fibred, electrically conductive fibres and magnetic fibres. 

The metal nanoparticles are preferably distributed across 
30 the fibre cross section in a substantially uniform manner. In 
some applications, the concentration of metal particles 
distributed along the fibre length may be constant, but* 
alternatively, the concentration of metal particles along tbe 
fibre length may vary. In some instances, fibres according to the 
35 present invention may comprise one or more lengths of the base 
polymer in combination with one or more lengths of the polymer 
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matriit incorporating met^l nanoparticles, Thu3, polywer fib*re» 
may be obtained that exhibit the retjuired property either 
throughout their whole length or along part of their length. 

There inay be a degree of nawopartide aggloxneration in the 

S polymer inatriXr and, typically, nanoparticle agglomerates may ba 
from 100 lun to 2 microns in eikse. For some applications/ it may 
be preferable that agglomeration is controlled or even 
aub^ta^tially avoided# so that the nanoportioles are evenly 
distributed throughout the polymer matrix, 

10 In the case of hydrophilic fibres used in antimicrobial 

wound dressing^ and the like, particularly silver/alginate 
fibres » the gradual absorption of aqueous exudate into the 
polymer matrix leads to a gradual degradation of the matrix. By 
incorporating antimicrobial particles throughout tbe fibre 

15 according to the present invention, said particles are gradually 
released as the fibre absorbs fluid, thereby providing a 
controlled, slow release of the metal antimicrobial agent* 

The fibres may have any diameter suitable for a given 
application, but typically the fibre diameter is l^ss than 500 

20 microns, more preferably lees ^han 100 microns and most 
preferably 10 to 50 microns. Antimicrobial fibres for use in 
woixnd dresBinga, in particular, require fibre diameters in the 
above-mentioned ra^es. 

In some applications # the fibre may further comprise an 

25 outer protective sheath or coacing. 

In accordance with a third, aspect of the present invention! 
there is provided a wound dressing comprising fibres according to 
the present: invention. Preferably the wound dressing is a non- 
woven wound dressing, 

30 In accordance with a fourth aspect of the present invention* 

there is provided a film comprising a polymer matrix having metal 
nanoparticles incorporated therein. 

In accordance with a fifth aspect of the present Invention r 
there is provided a polymer composite oonqprising a polymer matrix 

35 having metal nanoparticles incorporated therein. 
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A preferred erabodunQnt o£ the present inverxtion will now be 
do^cribedf with reference to the accoiis>£myinsr drawinc^B in which: 

Figure 1 is a sohematla sectional view of a preferred 
apparatus for wet-spinning cozaposite fibres according to the 
5 present invention; 
' Figure 2 shows a SEM spectrum o£ the longitudi n al outer 

Surface of a prior art alginate fibre; 

Figure 3 shows a SEM spectrum of the longitudinal outer 
surface of an alginate fibre incorporating 5 % w/w silver 
10 nanqparticlea according to the present invention; 

Figure 4 shows a SHM spectrum of the longitudinal outer 
surface of an alg^inate fibre incorporating IS % w/w silver 
nanoparticles according to the present invention; and 

Figure 5 shows a SBU spectrum of a oross-section of an 
15 alginate' fibre incorporating 15 % w/w silver nanoparticles 
according to the present invention. 

Fibres coinprising an alginate matrix having silver 
nanoparticles inooziTorated therein can be used in biomedical 
applications such as woxmd dressings. 
20 Alginate is a linear polysaccharide made up of two xironio 

acid monomers , matmuronic acid (H) and guluronic acid IG) . The 
ratio of the two monomers (the *M:G ratio') and their arrangement 
in the polymer structure vary from source to source and^ to a 
large extent r control the chemical and physical properties of the 
25 alginate. For e^cample, more guluronic segments In the alginate 
provide a stronger gel or fibre. The two monomers are connected 
in blocks of M-H, G-G or M-G sequences in the polymer structure. 
Preferably* the alginate fibres are formed either from High-6 
alginate having a viscosity o£ 1% solution of 50-100 mPa or High- 
30 M alginate having a viscosity of 1% soluticm of 40-80 mPa. 

Referring to Figure alginate/ silver fibres are produced 
by first dissolving 5-7 % w/w of the sodium salt of the polymer 
in watexr and then mixing 0.1-15 % w/w of a silver nanopowder 
into the solution so as to produce a dope solution 1. The dope 
35 solution is held in a container 2 provided with an inert 
atmosphere 3, and th^t^ the dope is extruded into a coagulating 
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10 



15 



bath A containing a coagulant 5, by means of a pmsp 6 and a 
spinneret Head 7 ooiKPlefcely immersed in tha coagulant. The dope 
is filtered via a filter 8 positioned behind the spinneret. 

Figure 2 show a SEK Bpectrum of the outer Burface of a prior 
art alginate fibre, without metal nanoparticlea incorporated 
therein. Figure 3 sbowg a SBM image of a similar alginate fibre 
according to the present- invention, cooprlBing S % w/w silver 
nanoparticles ; silver nanoparticles and nanoparticle agglomerates 

can be seen on the cuter surface. 

Figure 4 shows an alginate fibre' according to the present 

invention having 15 % w/w silver incorporated in the fibre. A 

higher concerxtration of particles and particles agglomerates can 

been seen cra^ared with Figture 3> 

Figv^e 5 Is a SEM image of a oTOSS-sectica of the fibre 

shown in Figure 4. It can be seen that the silver nanoparticles 
and agglomerates thereof are distributed throughout the fibre 
cross-section, and, therefore, that the fibre ie a comppaite 
ipaterial comprising silver nanoparticles incorporated in an 



20 The present invention provides fibres and Other products 

that may be used alone or in combinaticn. and applications are 
not limited to those described herein. It will be clear to the 
skilled person that the method of the present invention Can be 
used to provide polymeric materials for use in a wide variety of 

26 bio-medical applications and textile applications, including, for 
e3taa«)le. mould-resistant products such as tent fabrics, tropical 
clothing, leisure wear and sportswear. 

Jmci-microbial fibres may also be used in water filtration 
systems where, currently, a nylon base fibre is used. 
SO *he following Exan^las further describe the invention 

Example 1 {Alginate/ sil ver fibre) 

Composite fibres coii«>rising si: 
incorporated into an alginate polymer were made as follows; 

A 500g (5% w/w) high G alginate (supplied by ISP Alginates 
35 (UK) Ltd) was dissolved in 470g of water using a high shear 
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mixer. The dope solution thus formed was stirred for 15-20 
minutes «ind then 5g {1% w/w) nancaxietric silver powder la^ving a 
particle size between about 20 and lOOnm (particle size 
distribution d90 <70nm, dSO < SOxim and dlO < 40 nm) was gradually 

5 added to the dope solution whilst stirring continuously Cor 

further 30-45 minutes. (The heat of mixing increased to about 
60^.) rHie solution thus prepared was vacuum de-aerated and then 
wet e^ctruded through a filter system (300 wire zneeh« non- woven 
fabric and plain woven fabric) and a spinneret into an aqueous 
10 caloiuin chloride bath at ambient tenqperature. After drawing in a 
hot water bath, the fibres were washed in acetone and finally 

dried at room tenqperature » 

The alginate/silver fibres so-obtained ranged from a very 
pale brown colour to a dark brown/black colour. The fibres 

15 exhibited antimicrobial properties. 
Example 2 (Celluloee/Bilver fibre) 

35u cellulose wood pulp (Acordia) having a degree of 
polymerisation Similar to pulp used for the manufacture of 
Iiyocell fibres was broken into small pieces and mixed with N- 

20 methylmorphollne-N-Qxide (NUMO) at 100-120 The mixture was 

stirred J using a high shear mixer ^ for 30-60 minutes to fo^rm a 
slightly coloured 10% w/w polymer solution, or dope. The solution 
was allowed to cool down to 90-lOO^C and then 17.5 g (5% w/w) of 
nancxnetrio silver powder of the same size used in Example 1 was 

25 added gradually into the dope. The dope was stirred continuous lyr 
typically for 5 to 15 minutes, so that a homogeneous mixture was 
obtained. It was found that the process was highly exothermic and 
the temperature ha.d to be maintained well below 120°C. The final 
dope (350g) contained 15% w/w total solids. 

30 The cellulose«*&ilver fibre was pre^^ared by extruding the hot 

mixture, under nitrogen pressure (0. 3-0*4 MPa) , through a filter 

system <300 wire mesh, fine woven polyester) and a heated 

■ 

spinneret with 35 holes of size 90 micron, immersed in a water 
coagulant at 55-60 ^C. The newly formed filament was then drawn in 
36 a hot water bath at 75-80 wound unto a roller immersed in a 
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dehydrating «i9ent e.uch acetone and dried on tlie diruxn at room 
temperaturef or in an oven at 50-80°C« 

111© celluloae/sllver fibres ranged from a. very pa3.e brown 
colour to a dark brown /black aolotxr. 0?he fibres exhibited 
5 antimicrobial propertilea. 

EHiafflolfe 3 ICellulose/copper fibre) 

24 *S g COXIUlO^O wood pulp (Aoordis} was cut into small 
pieces and xoixed with 322g of lOMMO at 100-110 **C. The mixture was 
Btirred, usincr a high ahear mixer, for 30-60 vftiAut^s to form a 7% 
10 w/w dope. The dope solution was allowed t^o cool dovm, to lOO^C and 
then 3.5g (1% w/w) o£ nanometric copper powde4:^ with a nominal 
primary particle size, as determined from specific surface area 
measurements^ of 100 nm was added gradually into the dope whilst 
stirring continuously, until a homogeneous mixtiire was obtained. 
15 The process was highly exotheranie and the temperature had -to be 
maintained well below 120°C. The £inal dope contained 8% w/w total 
solids. TOie celluloso-Oopper fibre was prepared by extruding the 
hot mixture (70^100^C) nnr!f=^r nitrogen pressure (0.3-0.4 MPa) 
through a filter system and a heated spinneret (dOmicron/500 
20 holes) iznmersed in a water coagulant at 55-65 ^C. The filaments 
thus-formed were drawn in a hot water bath at 75-80°C, Collected 
in a tray containing acetone and' dries at room teariperature. 
Alternatively, the filaments were wound onto a roller immersed in 
acetone before finally dried at room temperature. 
25 The cellulose /copper fibres exhibited antimicrobial and 

ma^etic properties. 

Example 4 (Polyaorylonitride/oQpper fibre) 

This Example demonstrates the versatility of the process; 
which is applicable to all spun polymer systems (synthetic, 
30 regenerated or natural) , provided the solutions or melt will not 
attack nhe metals. 

The dope was prepared by soaking d6g polyacrylonitrile (PAN) 
fibre (20% w/w) in 383g NrlT-dimethylacotamide (DlOAc} at about 60 
imtil fxilly dissolved. I^e solution was then stirred at 60-70°C 
35 for 5 minutes with a high shear mixer before gzradually adding 
2.4g copper powder <0.5% w/w« nominal primazry part;icle size lOQ 
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nm) «nd Btirrins continuously so as to obtain a homogeneous 
solution* Tlie 40 °C dope thus obtained was thion spun into a 
wafceir/PMAc (30% v/v) b^tb XOOXti tew^P^rature, darawn in a hot 

water bath and, after winding onto a roller, w^s left to dry at 
5 rooRv ten^eratwe. 
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Claims 



1, A method of producing a polymer conifijOSite compriBinff « 
polymer matrix having metal n^noparticles incorporated 
6 therein, said xaethod coinpriBing th^ Steps of: 

(1) mixing mstal nanoparticles with a polymer dope; and 
(ii) solidifying the polymer cooiposite from th© dope, 

10 2- A method according to claim 1, further cctffiprising the step 

of adding a dispersant to the dope, ec as to control 

agglomeration of the metal nanoparticles. 
3. A method according to claim 2, wherein the dispersant is an 

alcohol -based dispersant. 
15 4* A method according to any one of claims 1 to 3, wherein the 

dope is stirred vigorously so as to produce a homogeneous 

mixture - 

5. A method according to claim 4. wherein a high shear mixer is 

used to 8tir the dope. 
20 6. A method according to any preceding claim, wherein the 

polymer cwRposite is solidified toy an extrusion process. 

7. A method according to claim 6, wherein the pOlyirter 0O^pO@ite 
is extruded to fozm fibres* 

8. A method according to claim 7, wherein the fibres are 
25 extruded by a spinning technicsue. 

9. A method according to claim 8, wherein the fibres are 
extruded by a wet spinning techni^e. 

10. A -method according to any one of claims 1 to 5, wherein the 
polymer coioposite is solidified by solvent evaporation. 

30 11- A method according to claim 10, wherein the polymer 

composite is solidified into a film, sheet or rflsmbrane. 

12. A method according to any preceding claim, wherein the metal 
nanoparticles have antimicrobial properties - 

13. A method according to claim 1, wherein the xxanoparticsles 
35 com 
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14. A method according to any precedlaar claim, wherein the 
polymer matrix ccamprifiee alginate. 

15. A method according to any preceding claixcir wherein the i^etal 
nanopartides have a size less than 500 nzn. 

5 16. A method according to claim 15, wherein the metal 

nanopartides have a size less than 100. nm. 
17, A method according to claim 15 , wherein the metal 

nanopartides have a size in the range 20 to 100 nm. 
IB. Fibres produced by a method accordiiig to any one of claims 1 
10 to 17. 

19. A woimd dressing comprising fibres according to claim 18. 

20. A fabric con^riBiA^r fibre© according to claim 18. 

21. Fibres comprising a polymer matrix having at least one metal 
incorporated therein, wherein the at least on© metal is in 

15 the form o£ nanopartides. 

22. Fibres according to claim 21, wherein the nanopartides are 
distributed in a substantially uniform manner across the 



30 



24. 



25 26. 



30. 



23, Fibres according to clawa 21 or claim 22, whe*rein the metal 
20 nanopartides have a size less than . SCO nm. 

Fibres according to claiiu 23. whe»rein the lAetal 
nanopartides have a size less than 100 nm* 

Fibres according to claim 23, wherein the metal 
nanopartides have a size in the range 20 to 100 nm. 
Fibres accordisig to any one of claims 21 to 25, wherein 
ii^aT^oparticle agglomeration is substantially avoided. 

27. Fibres according to any one of claim3 21 to 26, wherein th^ 
metal nanopartides have antimicrobial properties. 

28. Fibres according to claim 27, wherein the metal 
nanopartides comprise Ag, Au, Pt, Pdr Ir^ Sn, Cu, Sb, Bir 
or Zn^ or any combination thereof. 

29. Fibres according claim 28, wherein the metal nanopartides 
comprise Ag. 

Fibres according to any one o£ claims 21 to 29 having a 



3$ diameter of less than 500 microns. 
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31. Fibres according to claim 30 haviner a diameter of less than 
100 microns. 

32- Fibres according to claim having a diameter of 10 to 50 
microns . 

5 33. Fibres according to any one of claims 21 to 32, wherein the 

polymer matrix comoprieea a synthetic pola^er. a natural 
polymer or any combination thereof. 
34, Fibres according i;o claim 33, wherein said natural polymer 

ccn^rises alginate* 
10 35. Fibres according claim 34, wherein the polymer matrix 

con^rises alginate and Ag is present in the £»Qlymer matifix 
in an amount between 0^1 and 15 % w/w* and preferably in an 
amount between 0.1 and 2 % w/w. 

36. A wound dressing * coarori sing fibres according to of 
15 claimG 21 to 35. 

37. A wound dressing according to claim 36. wherein the wound 

dressing is a non-woven dressing.* 

38. A polymer con^oslte coznprising a polymer matrix having metal 
nanoj^articles incorporated therein. 

20 3d. Any novel feature or ooanbination of novel features 



40. A process r product or apparatus eubstmtially aa 
hereinbefore described with reference to the acconwanying 



25 
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Abst.ract 

A single and co&t effective xfiethod of producliig a polyxner 
cd^poBlbe coonprlslng a polymer mabrix having znelial nanopar tides 
incorporated therein coniprises the steps of (i) mixing metal 
nanoparticles with a polymer dope; and (ii) solidifying the 
polymer conapoalte from th^ dop^F Antlxrwicrobial fitoesd 
produced by extruding a dope eolution 1 held in a container 2 
provided with an iHi^rt atuiosphere 3 into a coagulating bath 4 
containing a coagiilant 5, by means of a pxuxip & and a spinneret 
head 7 coi^pletely immersed in the coagulant. The dope is filtered 
Vi^ d filter 8 positiomsd behind the epinnereb. 

To b$ accompanied by Figure 1 
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